COMPARATIVE EFFECTS OF SPROUTING AND FERMENTATION ON THE NUTRIENT AND ANTI-NUTRIENT COMPOSITION OF SOYBEANS (GLYCINE MAX)
ABSTRACT
Sprouting and fermentation are traditional methods used to make legumes more nutritious by increasing nutrient availability and reducing antinutrients. In this study, we looked at how sprouting (for 24, 48, 72, and 96 hours) and spontaneous solid-state fermentation (for 24 to 72 hours) affected the basic composition, mineral and vitamin content, and antinutritional factors of soybeans (Glycine max) from Bida New Market. Unsprouted and unfermented soybeans served as controls. Sprouting gradually raised moisture (5.47–5.73%), fat (3.13–4.22%), and protein (37.41–39.09%), while carbohydrate (61.31–53.93%) and fiber (5.15–5.34%) decreased compared to the control. Antinutrients also dropped as sprouting time increased: tannins (151.91 to 137.19 mg), phytates (21.76 to 17.12 mg), and oxalates (6.37 to 3.90 mg). Fermentation increased protein (35.13±0.01%) and ash (3.43±0.04%) but lowered carbohydrate (33.64±0.09%), fat (15.36±0.2%), fiber (9.46±0.04%), and moisture (2.98±0.01%). Minerals like calcium (18.56±0.00 mg), potassium (28.01±0.01 mg), sodium (9.02±0.01 mg), iron (8.98±0.01 mg), zinc (16.30±0.01 mg), and magnesium (23.62±0.01 mg) all increased. Vitamins such as thiamine (1.88±0.22 mg), riboflavin (1.75±0.07 mg), and niacin (2.72±0.01 mg) were also higher. These results show that both sprouting and fermentation can improve the nutritional value of soybeans and reduce antinutrients. Fermentation in particular boosts mineral and vitamin content, making soybeans a better plant-based protein. These findings suggest that these traditional methods are sustainable and affordable ways to improve legume nutrition and support food security, especially where soybeans are a main protein source.
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INTRODUCTION
Soybean (Glycine max L.) is a key legume crop worldwide, valued for its high protein, good oil yield, and contribution to dietary micronutrients. On a dry weight basis, soybeans usually have about 38–42% protein and 18–22% lipids, making them a major source of plant protein for people and animals, especially in developing regions where animal protein is scarce (Adeyeye et al., 2020; Kumar et al., 2020; Li et al., 2022). However, using soybean nutrients effectively is often limited by anti-nutritional factors like phytic acid, trypsin inhibitors, tannins, and saponins. These compounds interfere with protein digestion and mineral absorption, which lowers the overall nutritional quality of soybean foods (Kumar et al., 2020; Gupta et al., 2021).
Traditional processing methods like sprouting (germination) and fermentation have been used to overcome these problems and improve nutrient bioavailability (Chidalu et al., 2025; Susan et al., 2025). During sprouting, natural enzymes such as phytases and proteases break down some phytic acid and protein inhibitors, thereby making minerals more available and proteins easier to digest (Hassan et al., 2021; Gupta et al., 2021). Germination also increases soluble proteins, free amino acids, and some bioactive compounds, such as phenolics, which may boost antioxidant capacity (Zinia et al., 2022; Hassan et al., 2021). These changes happen as the seed uses its stored nutrients to support early growth. 
Fermentation is an additional, and often more extensive, strategy for improving the nutritional quality of soybeans. Microbial fermentation is another, often more thorough, way to improve the nutritional quality of soybeans (Tamang et al., 2016; Zinia et al., 2022; Naz et al., 2025; Di et al., 2025). During fermentation, microbes produce enzymes such as phytases, proteases, and carbohydrases, which further break down anti-nutritional factors and alter macronutrients and micronutrients (Li et al., 2022; Kumar et al., 2020). Many studies show that fermentation can significantly reduce phytate, tannins, and trypsin inhibitor activity, thereby improving protein digestibility and mineral bioavailability (Nkhata et al., 2018; Adeyeye et al., 2020; Gupta et al., 2021; Tamang et al., 2016; Zinia et al., 2022). In traditional food systems, spontaneous fermentation, which relies on natural microflora, is especially important because it often creates a wider range of metabolites than controlled, single-strain fermentations (Tamang et al., 2016; Nkhata et al., 2018). especially B-complex vitamins synthesized by fermentative microorganisms, notably Bacillus species. Increases in vitamins such as riboflavin, niacin, and biotin have been reported in several fermented soybean products, contributing to their nutritional and functional value (Park et al., 2023; Li et al., 2022; Adeyeye et al., 2020). From a food security perspective, fermented soybeans are an affordable, nutrient-dense food that can help improve protein quality, mineral utilization, and micronutrient intake among low-income populations.
Despite the long history of soybean fermentation, relatively few studies have systematically examined the time-dependent biochemic. Although soybean fermentation has a long history, few studies have closely examined how nutrients and antinutrients change over time during spontaneous fermentation under controlled conditions (Naz et al., 2025; Di et al., 2025). There is still limited information on how macronutrients, minerals, vitamins, and antinutritional factors shift at different fermentation stages. This study was designed to examine how sprouting and spontaneous fermentation affect the nutritional composition of soybean seeds. We tracked changes in basic composition, mineral content, vitamin levels, and antinutritional factors during set sprouting times and after 24, 48, and 72 hours of fermentation. The goal is to provide clearer scientific insight into the nutritional effects of these traditional methods and to help optimize their use to improve diet quality and food security.gn materials. The cleaned seeds were washed several times with distilled water to remove surface dust and impurities before further processing.
MATERIALS AND METHODS
Materials
Dry soybean (Glycine max) seeds were obtained from a local market and transported to the laboratory in clean polyethylene bags. All reagents and chemicals used for analysis were of analytical grade and were obtained from standard laboratory suppliers. Distilled water was used throughout the study. Glassware and equipment were thoroughly cleaned and sterilized where necessary prior to use.
Sample Preparation
Sorting and Cleaning
The soybean seeds were manually sorted to remove stones, broken seeds, and other foreign materials. The cleaned seeds were washed several times with distilled water to remove surface dust and impurities before further processing.
Sprouting (Germination) Procedure
The cleaned soybean seeds were soaked in distilled water at room temperature for 12 hours. After soaking, the water was drained, and the seeds were spread evenly on clean trays lined with moist cloth. The seeds were allowed to germinate at ambient temperature for 48 hours, during which they were regularly moistened to prevent drying. At the end of the germination period, the sprouted seeds were dried at low temperature, milled into flour, and stored in airtight containers until analysis.
Non‑sprouted seeds served as controls and were analyzed directly without germination or fermentation.
Spontaneous Fermentation
After germination, portions of the sprouted soybean seeds were subjected to spontaneous fermentation. These samples are referred to as sprouted‑and‑fermented; non‑sprouted seeds were not fermented.
Proximate Analysis
Proximate composition, including moisture content, crude protein, crude fat, ash, crude fiber, and carbohydrate (by difference), was determined using standard methods described by AOAC International (2008). All analyses were performed in triplicate, and results were expressed on a dry-weight basis.
Mineral Analysis
Mineral elements such as calcium, iron, magnesium, zinc, and phosphorus were determined after dry ashing of the samples. The ash was dissolved in dilute acid, and mineral concentrations were quantified using appropriate analytical techniques as. Results were expressed in milligrams per 100 grams of sample.
Vitamin Analysis
Selected vitamins were determined using standard analytical procedures. Water-soluble vitamins were extracted and analyzed following established laboratory methods, while fat-soluble vitamins were determined after appropriate solvent extraction. Vitamin contents were expressed in milligrams per 100 grams of sample.
Determination of Anti-Nutritional Factors
Anti-nutritional factors, including phytic acid, tannins, and trypsin inhibitor activity, were determined using established analytical methods. Phytic acid content was analyzed using colorimetric procedures, while tannins and trypsin inhibitors were quantified according to standard laboratory protocols described in the literature.
Statistical Analysis
All analyses were conducted in triplicate. Data were expressed as mean ± standard deviation. One-way analysis of variance (ANOVA) was used to compare means among treatments, and significant differences (p < 0.05) were separated using Tukey’s honest significant difference test. Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).
Bio-accessibility Estimation
Mineral bio-accessibility was estimated using the phytate-to-mineral molar ratio. The moles of phytic acid were calculated from the phytic acid content using a molecular weight of 660.3 g/mol, while moles of calcium, iron, and zinc were obtained by dividing mineral contents (mg/100g) by their atomic weights (40.08, 55.85, and 65.38 g/mol, respectively). The ratio of phytic acid moles to mineral moles (Phy: Mineral) was then computed for each fermentation time. Ratios less than 1 for iron, less than 15 for zinc, and less than 0.17 for calcium indicate good bioavailability (Castro-Alba et al., 2019).
The calculated Phy:Fe, Phy:Zn, and Phy:Ca molar ratios for 0, 24, 48, and 72h fermentation were 0.22, 0.18, 0.16, and 0.12 for iron; 0.11, 0.10, 0.09, and 0.08 for zinc; and 0.06, 0.05, 0.05, and 0.04 for calcium, respectively. These values are well below the key thresholds, denoting increased mineral bioaccessibility during fermentation (Castro-Alba et al., 2019).

RESULTS AND DISCUSSION
Effects of sprouting and fermentation on proximate composition
Proximate analysis of soybean samples revealed that both sprouting and fermentation significantly altered the macronutrient profile (Tables 1 and 2). Sprouting resulted in a gradual increase in crude protein and ash content, accompanied by a reduction in fiber and carbohydrate.
Fermentation similarly increased protein and ash but caused larger reductions in fiber and carbohydrate, with a slight decrease in moisture content.
Table 1: Proximate composition of non-sprouted and sprouted soybean flour
	Parameter
	Non-sprouted
	Sprouted 

	
	
	Day 1
	Day 2
	Day 3
	Day 4

	Ash (%)
	2.21 ± 0.06
	2.24 ± 0.06
	3.08 ± 0.08
	3.09 ± 0.07
	4.13 ± 0.08

	Fat (%)
	3.06 ± 0.10
	3.13 ± 0.07
	3.90 ± 0.13
	3.70 ± 0.25
	4.22 ± 0.06

	Protein (%)
	19.49 ± 0.57
	21.15 ± 0.57
	22.62 ± 0.35
	23.74 ± 0.37
	25.67 ± 0.40

	Moisture (%)
	4.18 ± 0.11
	5.47 ± 0.01
	5.53 ± 0.21
	5.53 ± 0.21
	5.73 ± 0.04

	Fibre (%)
	7.17 ± 0.13
	5.15 ± 0.29
	5.24 ± 0.31
	5.24 ± 0.07
	5.34 ± 0.01

	Carbohydrate (%)
	62.33 ± 0.59
	61.31 ± 0.55
	58.32 ± 0.24
	57.41 ± 0.34
	53.93 ± 0.39



Table 2: Proximate composition (%) of fermented soybean seeds
	Parameter
	0 h
	24 h
	48 h
	72 h

	Moisture (%)
	4.07 ± 0.45
	4.37 ± 0.21
	3.32 ± 0.03
	2.98 ± 0.01

	Fat (%)
	16.06 ± 0.01
	15.12 ± 0.05
	15.95 ± 0.20
	15.36 ± 0.02

	Fibre (%)
	14.03 ± 0.03
	10.62 ± 0.04
	9.97 ± 0.04
	9.46 ± 0.04

	Ash (%)
	2.84 ± 0.01
	2.89 ± 0.02
	2.88 ± 0.02
	3.43 ± 0.04

	Protein (%)
	25.37 ± 0.02
	30.93 ± 0.02
	32.45 ± 0.02
	35.13 ± 0.01

	Carbohydrate (%)
	37.09 ± 0.44
	36.18 ± 0.20
	35.43 ± 0.20
	33.64 ± 0.09



Effects on mineral composition (Fermentation)
Fermentation enhanced mineral content, with calcium, potassium, sodium, iron, zinc, and magnesium all increasing progressively throughout the fermentation process (Table 3). Mineral data for sprouted soybeans were unavailable, so a direct comparison was not possible.


Table 3: Mineral profile of fermented soybean seeds (mg/100 g)
	Mineral
	0 h
	24 h
	48 h
	72 h

	Calcium
	16.66 ± 0.01
	17.45 ± 0.00
	18.06 ± 0.01
	18.56 ± 0.00

	Potassium
	26.12 ± 0.01
	26.81 ± 0.01
	27.12 ± 0.01
	28.01 ± 0.01

	Sodium
	7.12 ± 0.01
	8.21 ± 0.02
	8.82 ± 0.02
	9.02 ± 0.01

	Iron
	6.27 ± 0.45
	6.97 ± 0.21
	7.21 ± 0.03
	8.98 ± 0.01

	Zinc
	14.95 ± 0.02
	15.12 ± 0.05
	15.36 ± 0.20
	16.36 ± 0.01

	Magnesium
	20.02 ± 0.01
	21.05 ± 0.01
	22.52 ± 0.01
	23.62 ± 0.01



Effects on vitamin composition (Fermentation)
Fermentation increased levels of B-vitamins, notably thiamine, riboflavin, and niacin (Table 4). Vitamin data for sprouted soybeans were not available.
Table 4: Vitamin profile of fermented soybean seeds (mg/100 g)
	Vitamin
	0 h
	24 h
	48 h
	72 h

	Thiamine
	1.59 ± 0.15
	1.67 ± 0.51
	1.71 ± 0.24
	1.88 ± 0.22

	Riboflavin
	1.36 ± 0.01
	1.42 ± 0.05
	1.63 ± 0.20
	1.75 ± 0.07

	Niacin
	1.26 ± 0.01
	2.31 ± 0.01
	2.55 ± 0.01
	2.72 ± 0.01


Effects on anti-nutritional factors
Both sprouting and fermentation reduced anti-nutritional factors, though fermentation produced larger decreases (Tables 5 and 6).
Table 5: Anti-nutrient composition of non-sprouted and sprouted soybean flour
	Parameter
	Non-sprouted
	Sprouted

	
	
	Day 1
	Day 2
	Day 3
	Day 4

	Phytate (mg/100 g)
	21.76±0.24
	20.01±0.12
	18.72±0.18
	17.92±0.06
	17.12±0.05

	Oxalate (mg/g)
	6.37±0.10
	5.60±0.11
	4.99±0.11
	4.11±0.06
	3.90±0.10

	Tannin (mg/100 g)
	151.91±2.87
	141.52±1.11
	142.14±3.58
	143.12±3.46
	137.19±2.95



Table 6: Anti-nutrient profile of fermented soybeans (g/100 g)
	Parameter (mg/100 g)
	0 h
	24 h
	48 h
	72 h

	Tannin (mg/100 g)
	1.27 ± 0.45
	1.15 ± 0.21
	0.68 ± 0.03
	0.63 ± 0.20

	Phytic acid (mg/100 g)
	16.36 ± 0.01
	15.12 ± 0.05
	13.63 ± 0.20
	13.15 ± 0.07

	Oxalate (mg/100 g)
	1.36 ± 0.01
	1.21 ± 0.01
	1.05 ± 0.01
	1.02 ± 0.01



Both germination (sprouting) and microbial fermentation significantly improve the nutritional profiles of soybeans. In both processes, protein content increased while carbohydrate and fiber decreased, showing the utilization of seed carbohydrate reserves and nutrient concentration as dry matter is metabolized (Adeyeye et al., 2020; Zinia et al., 2022). Fermentation generally caused greater decreases in carbohydrate and fiber than sprouting, consistent with microbial breakdown of polysaccharides (Kumar et al., 2020). Sprouting slightly increased fat and ash content, while fermentation stabilized or modestly increased fat and consistently improved ash (mineral) levels (Adeyeye et al., 2020).
Both treatments reduced anti-nutritional factors such as phytate, tannins, and oxalate, with fermentation achieving larger reductions. Fermentation also increased B-vitamin levels due to microbial synthesis (Adeyeye et al., 2020). These findings align with the literature reporting enhanced protein digestibility, mineral bioavailability, and vitamin content following these treatments.
Sprouting activates endogenous enzymes in soybeans, breaking down starches, proteins, and phytic acid while increasing free amino acids and minerals (Zinia et al., 2022). Fermentation introduces microbial enzymes that additionally degrade anti-nutrients and synthesize vitamins and proteins, often yielding superior nutrient improvements compared with sprouting alone (Kumar et al., 2020).
Sprouting and fermentation are low-cost, traditional techniques that can improve the nutritional quality of soybean products. These processes reduce anti-nutrients, enhance protein and mineral bioavailability, and improve digestibility and sensory properties. They are especially useful in resource-constrained regions, helping mitigate protein-energy malnutrition and micronutrient deficiencies (Adeyeye et al., 2020; Tamang et al., 2016).
CONCLUSION
Sprouting and fermentation effectively improve the nutritional quality of soybeans. Fermentation generally produces superior improvements in protein, mineral, and vitamin content and greater reduction of anti-nutritional factors. Integrating germination and fermentation in soybean processing can produce nutrient-dense foods suitable for tackling malnutrition in at-risk populations.
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